Introduction {#sec1-1}
============

Osteoporosis, a bone remodeling disorder is characterized by the reduction in bone mass with distortion of the microarchitecture, characterized by the condition of weak and porous bones. It is the most frequent disease and a major health problem for postmenopausal women.\[[@ref1]\] The main pronominal factor for bone loss in postmenopausal women is estrogen deficiency. Standard therapies include anti-resorptive drugs that decrease bone loss, e.g., bisphosphonates, calcitonin, selective estrogen receptor modulators, calcium and anabolic agents that increase bone formation.\[[@ref2][@ref3]\] These treatments are costly, with the exception of the combination of calcium and Vitamin D and exceed the economic resources of patients in many countries and are associated with severe side effects.

Ayurveda seems to be effective in addressing the above-mentioned limitations of the conventional therapies. Ayurvedic prorietary formulation CALCI-7 (CA) is already there in Indian market and also recommended by ayurvedic medical practitioners for treatment of osteoporosis. However, the anti-osteoporotic properties of this formulation have not been subjected to any scientifically controlled investigations so far. Therefore, the objective of this study was to evaluate the effect of CA in reducing postmenopausal osteoporosis induced by ovariectomy in rats.

Materials and Methods {#sec1-2}
=====================

Materials {#sec2-1}
---------

The ingredients of the herbomineral formulation were authenticated and voucher specimen were preserved by Virgo UAP Pharma Pvt. Ltd. Sanand, Ahmedabad, Gujarat, India. The tablet was formulated by Virgo UAP Pharma Pvt. Ltd based on ingredient specification of the official Ayurvedic Formulary of India \[[Table 1](#T1){ref-type="table"}\]. CA is composed of *Jaharmohara bhasma, Shukti bhasma, Mukta Shukti bhasma, Shankh bhasma, Kapardi Bhasma, Godanti Bhasma, Mandur Bhasma* and *Asthisanhari*. The Acute toxicity study has shown that formulation is safe up to 2000 mg/kg dose as per OECD Guidelines, 2004.
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Pharmaceutical preparation of CA
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Experiment animals {#sec2-2}
------------------

Healthy female Wistar rats (250--300 g) were procured from Torrent Research Centre, Gandhinagar, Ahmedabad. Animals were grouped and housed in the animal house of Institute under controlled atmospheric conditions i.e., temperature 23°C ± 2°C, relative humidity 55% ± 5%, and photo-schedule (12 h light and 12 h dark). Food and purified water *ad libitum* were freely accessible to the animals. Institutional Animal Ethics Committee has approved all the experiments and protocols described in the study. One week acclimatization period was followed before starting the experiment. The pharmacological work was carried out as per approved protocol (IPS/PCOL/CONS12--13/1003).

Experimental protocol {#sec2-3}
---------------------

Rats were divided into four groups of six animals each i.e., Sham-operated group, Ovariectomized (OVX) control group, OVX treated with CA (100 mg/kg) group, OVX treated with estrogen (0.056 mg/kg) \[[Table 2](#T2){ref-type="table"}\]. Ovariectomy was performed to induce osteoporosis.\[[@ref4][@ref5]\] Treatment schedule comprised of once daily dosing from day 1 to day 42. Every week animal\'s body weight was measured for determination of weight gain. Body weight of animals was measured weekly. At the end of 42 days, all the rats were fasted overnight. On a succeeding day, urine and blood samples from retro-orbital plexus were collected for analysis of calcium, phosphorus and alkaline phosphatase (ALP).\[[@ref6][@ref7]\] Immediately, after collecting the urine and blood samples, animals were sacrificed, the uterine horn was isolated removing all the surrounding fat and weighed immediately. The femur and lumbar vertebra were isolated, its thickness and length were measured and subjected to the compression test and histopathological evaluation. Femur bone was ashed in a furnace at 800°C for 12 h and calcium content was measured using an atomic absorption spectrophotometer.

###### 

Animal grouping and dose of administration
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Statistical analysis {#sec2-4}
--------------------

Values are expressed as mean ± standard error of the mean (SEM). The results were analyzed using one-way factorial analysis of variance followed by Tukey\'s multiple comparison test using GraphPad Prism 5 software (GraphPad Software, Inc. CA, USA). The value of *P* \< 5% (*P* \< 0.05) was considered as statistically significant.

Results {#sec1-3}
=======

Effect of CALCI-7 on physical parameters {#sec2-5}
----------------------------------------

Disease control i.e., OVX group showed a reduction in body weight together with decreased uterine weight significantly as compared to the sham operated group. CA and estrogen-treated animals showed a statistically significant rise in uterine weight; while there was an in-significant increase in body weight was observed in the treatment group \[[Table 3](#T3){ref-type="table"}\].
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Effect of CA on physical parameters
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Effect of CALCI-7 on the weight, length, hardness and calcium content of femur bone {#sec2-6}
-----------------------------------------------------------------------------------

OVX group showed a significant reduction in weight, length and hardness of femur bone as compared to the sham operated group. CA and estrogen-treated animals showed a statistically significant rise in all these physical parameters, while there was in-significant increase in body weight observed by treatment. We have also estimated calcium content in femur bones of OVX group which was found to be significantly decreased, and improved after treatment with CA as well as estrogen \[[Table 3](#T3){ref-type="table"}\].

Effect of CALCI-7 on serum biochemical parameters in OVX rats {#sec2-7}
-------------------------------------------------------------

Serum calcium and phosphorus levels were significantly reduced as compared to the sham-operated group while serum ALP levels showed an increase in comparison to the sham operated group. CA and estrogen-treated groups showed recovery in serum calcium and phosphorus levels as compared to OVX group. Serum ALP levels reduced significantly in CA and estrogen-treated groups \[[Figure 1](#F1){ref-type="fig"}\].

![(a-c) Effect of CALCI-7 on serum biochemical parameters in Ovariectomized rats: Serum Calcium, Serum Phosphorus, Serum alkaline phosphatase. Values expressed as mean ± standard error of the mean of 6 animals each, \*Significantly different from normal control (*P* \< 0.05), \#Significantly different from disease control group (*P* \< 0.05). SHAM-sham operated, DC-Disease control, DTCA-Diseased animals treated with CALCI-7 (100 mg/kg), DTE-Diseased animal treated with Estrogen (0.0563 mg/kg)](AYU-37-250-g004){#F1}

Effect of CALCI-7 on urine biochemical parameters in OVX rats {#sec2-8}
-------------------------------------------------------------

Urine calcium and phosphorus levels were found to be increased in OVX group as compared to the sham operated group, while significant decrease in urine calcium and phosphorus levels was seen in CA and estrogen-treated groups \[[Table 4](#T4){ref-type="table"}\].
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Effect of CA on urine biochemical parameters
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Effect of CALCI-7 on histopathological evaluation of OVX rats {#sec2-9}
-------------------------------------------------------------

In histopathological examination, normal control showed a normal bone structure with lacuna and various lamellae without any damage or porosity in bone. While, OVX group showed vacuolization with chondrocyte presence in cartilage portion of the bone. In OVX animal treated with CA, bone structure showed a normal structure with lacuna and various lamellae without any damage or porosity in bone. Similar histoarchitecture was also observed in the estrogen-treated group \[[Figure 2](#F2){ref-type="fig"}\].

![(a-d) Effect of CALCI-7 on histopathological evaluation of Ovariectomized rats: Normal control, Disease control, Diseased treated with CALCI-7, Diseased treated with estrogen](AYU-37-250-g006){#F2}

Discussion {#sec1-4}
==========

Osteoporosis is the structural failure of the skeleton and causes an increased risk of fracture. Low-energy trauma can cause fractures due to low bone mass, microarchitectural deterioration of bone tissue and increased bone fragility.\[[@ref8]\] Anti-osteoporotic agents are presently directed to two basic processes of bone viz., bone remodeling and bone resorption.\[[@ref9][@ref10]\] The most common type of osteoporosis is the bone loss associated with ovarian hormone deficiency at menopause. Especially, in women the estrogen deficiency, results in increased plasma calcium levels as a result of increased bone resorption.\[[@ref11]\] Thus, alternative approaches for managing osteoporosis are needed and in this regard, we had evaluated the anti-osteoporotic activity of CA in ovariectomized rats.

The ovariectomized rat exhibited most of the characteristics of human postmenopausal osteoporosis.\[[@ref12]\] The reduction in body weight in OVX group was observed and in treatment groups, increase in body weight was observed as compared to sham-operated groups. Vaginal atrophy is the characteristic feature of ovariectomized rats.\[[@ref13][@ref14]\] In present study uterine weight was found to be decreased in OVX group as compared to the sham operated group of animals and the treatment with estrogen and CA showed statistically significant increase in uterine weight. Estrogen is reported to prevent bone loss by suppressing the rate of bone turnover involving the depression of both osteoclastic and osteoblastic bone formation.\[[@ref15][@ref16][@ref17]\] The results of study showed reversal of uterine atrophy suggestive of estrogenic activity of formulation. The formulation contains *Cissus qadrangularis* Linn. as one of the ingredients which has been reported to have estrogenic activity.\[[@ref18]\] Thus, the probable mechanism involved may be the estrogenic activity of formulation due to *Cissus qadrangularis* Linn.

In our study, the bone loss in ovariectomized rats was significant throughout the study in terms of weight, length and hardness of femur bone as compared to the sham operated group. The estrogen deficiency in OVX rat is associated with a higher rate of bone turnover where the increase in bone resorption is relatively greater than the increase in bone formation.\[[@ref19][@ref20]\] Femur bone is more sensitive to high turnover bone loss.\[[@ref21][@ref22]\] CA and estrogen-treated animals showed statistically significant improvement in all these physical parameters. Estrogen and CA treatment showed a beneficial effect on the ash calcium content which was found to significantly decreased in OVX group. It has been reported that bhasmas are a natural source of rich calcium widely used in traditional system of Indian medicine as a supplement in the treatment of a variety of bone metabolic disorders associated with calcium deficiency.\[[@ref23]\] CA is composed of seven different *Bhasmas* (*J. Bhasma, S. Bhasma, M. Shukti Bhasma, S. Bhasma, K. Bhasma, G. Bhasma, M. Bhasma*) which is a rich source of calcium. Therefore, the beneficial effect of formulation on all physical parameters may be due to the presence of calcium present in the formulation.

Significant reduction was observed in serum calcium and phosphorus levels of OVX group following ovariectomy which is indicative of enhanced bone fragility while the significant increase in the ALP levels following ovariectomy is suggestive of increased bone turnover which may account for bone disorders.\[[@ref24][@ref25][@ref26]\] Our investigation showed that treatment with CA was able to prevent an increase in urine calcium and phosphorus levels as compared to OVX group which was comparable to estrogen. Results may be a suggestive factor for enhanced bone formation that may account for bone disorders.

ALP is a biomarker of osteoblastic and osteoclastic activities.\[[@ref27][@ref28]\] The serum ALP levels were found to be increased in OVX group which was reduced in treatment groups. Thus, results of all biochemical parameters further confirm anti-osteoporotic property of formulation.

Histopathological examinations reveal that the OVX group treated with CA showed ossification, mineralization and calcified cartilaginous deposit and enhanced osteoclastic activity; these observations are evidence for a marked restoration of bone loss. This observation indicates the potential protective action of CA and these actions may be due to an increased bone formation with a reduction in bone resorption.\[[@ref18][@ref28]\]

Conclusion {#sec1-5}
==========

Thus, on the basis of above results we can conclude that CA have significant anti-osteoporotic effect in postmenopausal osteoporosis and the study has laid down the scientific proof for treatment of osteoporosis. Thus, it is suggestive that CA can be considered as safe supplementary therapy for effective and long term management of osteoporotic patients.
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